even when EEG state does not change, as do the responses of putative premotor neurons in the medullary raphé (28).] Indeed, the apparent absence of neurons in the AH/PO responding to skin temperature independently of EEG state famously led Berner and Heller to doubt whether skin temperature signals actually reached that brain region (1) .
Recently, experiments of a different type have helped to allay doubts about the AH/PO's central role in processing skin temperature signals, at least for the control of non-shivering thermogenesis by brown adipose tissue (BAT). Toshimasa Osaka showed that non-shivering thermogenesis (increased metabolic rate) could be induced by mild cooling of the flank skin in anaesthetized rats (26) and then demonstrated that this metabolic surge in response to skin cooling could be entirely blocked by bilateral injections of the GABA antagonist, bicuculline, into a specific locus within the AH/PO, which he termed the dorsolateral preoptic area (25) . (GABA agonists injected into the same region initiated thermogenesis). The cold-induced metabolic surge was blocked by systemic administration of the non-selective beta adrenoreceptor antagonist, propranolol, indicating that it was due to BAT (5) although a metabolic contribution from the accompanying tachycardia (25) , also blocked by propranolol, could not be excluded. It is well known that heat conservation responses in the cold are very similar to heat-gain responses in experimental fever, indeed the 'raised set point' explanation of fever postulates that they use the same neural circuitry (2, 15) . It should be stated, however, that no critical evidence yet proves that this view is correct. Shaun Morrison and colleagues have previously delineated the efferent neural pathways to iBAT SNA in response to experimental fever following injection of prostaglandin E2 into the AH/PO: critical synaptic relays in the excitatory drive pathway to iBAT have been identified in the dorsomedial hypothalamic area (DMH) and the medullary raphé (16) (17) (18) 21 ). Now we can ask directly: how closely do the efferent pathways to iBAT for cold-defense resemble those for fever? By microinjecting the GABA A agonist muscimol or other inhibitory agents, Nakamura and Morrison now confirm directly that the efferent pathway for iBAT activation by skin cooling also appears to involve critical synaptic relays in the DMH and the medullary raphé. While this does not prove that the pathways for cold-defense and fever are identical, any differences between are too small to show up clearly with the methods used.
A less straightforward finding of Nakamura and Morrison's study, however, was the lack of any support for the involvement of the caudal midbrain periaqueductal gray . (6, 24, 32) . While not being part of the AH/PO DMH raphé pathway, tonic drive from the caudal PAG could still interact with it further down the efferent pathway to iBAT (perhaps medullary raphé) in a non-linear fashion; removal of tonic facilitatory drive from the PAG could then reduce the gain of the downstream sections of the pathway to iBAT. As a parenthetic point, we all need to be aware that such non-linear interactions complicate the interpretation of experiments: if inhibition of a brain region blocks a reflex output, it does not necessarily mean that that brain region forms an integral stage of the reflex pathway, only that its participation is necessary for the process to work (e.g. (24)).
Finally, do the lessons learned about the descending thermoregulatory pathway from AH/PO to iBAT tell us anything about the neural pathways of other cold-defense mechanisms such as cutaneous vasoconstriction? We do not yet know. It is well established that the cutaneous vasomotor tone is held under tonic inhibition from warmsensitive neurons in the AH/PO (10, 13, 27, 31), and that cutaneous vasoconstrictor pathways also appear to involve a critical synaptic relay in the medullary raphe (14, 31) (22) . Despite their anatomic similarities, however, it is likely that the neural pathways regulating iBAT and those regulating cutaneous vessels are not the same. The control of cutaneous vasomotor outflows such as the supply to the rat's tail is dominated by core temperature, although skin temperature provides a moderately strong additional input (27) . By contrast, iBAT sympathetic activity is hardly interested in core temperature (20, 23, 26) , but is strongly driven by cold signals from the skin (20, 23, 26) . Moreover. the rhythmic activity patterns in the neural outflows to the tail and iBAT are also quite distinct, indicating that they are driven by different neural pathways (23) . It will be interesting to see how future studies define these different thermoregulatory neural pathways. In particular, the involvement or not of critical synaptic relays in the DMH (9) and PAG needs to be established. The clear picture constructed from the work of Nakamura and Morrison (20) provides an excellent template with which to compare future investigations of other thermoregulatory mechanisms.
